Background -Cyclical changes in systemic blood pressure occur during apnoeic episodes in patients with obstructive sleep apnoea (OSA). Although several factors including arterial hypoxaemia, intrathoracic pressure changes, and disruption of sleep architecture have been reported to be responsible for these changes in blood pressure, the relative importance of each factor remains unclear. This study assessed the role of hypoxaemia on the increase in blood pressure during apnoeic episodes. Methods -The blood pressure in apnoeic episodes during sleep and the blood pressure response to isocapnic intermittent hypoxia whilst awake were measured in 10 men with OSA. While asleep the blood pressure was measured non-invasively using a Finapres blood pressure monitor with polysomnography. The response of the blood pressure to hypoxia whilst awake was also measured while the subjects intermittently breathed a hypoxic (5% or 7% oxygen) gas mixture. Each hypoxic gas exposure was continued until a nadir arterial oxygen saturation (nSao2) of less than 75% was reached, or for a period of 100 seconds. The exposure was repeated five times in succession with five interposed breaths of room air in each run. Results -The mean (SD) increase in blood pressure (AMBP) during apnoeic episodes was 42 1 (17.3) mm Hg during rapid eye movement (REM) sleep and 31*9 (12.5) mm Hg during non-REM sleep. The AMBP during apnoeic episodes showed a correlation with the decrease of nSaO2 (ASao2) (r2 = 0.30). The change in blood pressure in response to intermittent hypoxia whilst awake was cyclical and qualitatively similar to that during apnoeic episodes. Averaged AMBP at an Sao2 of 7% and 5% oxygen was 12-6 (5.7) and 13-4 (3.6) mm Hg, respectively, whereas the averaged AMBP at the same ASao2 during apnoeic episodes was 38-4 (15.5) and 45 2 (20.5) mm Hg, respectively.
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Conclusions -The blood pressure response to desaturation whilst awake was about one third of that during apnoeic episodes.
These results suggest that factors other than hypoxia may play an important part in raising the blood pressure during obstructive sleep apnoea. The cardiovascular changes associated with apnoeic episodes in patients with obstructive sleep apnoea (OSA) are characterised by cyclical changes in systemic arterial blood pressure, heart rate, and sympathetic nerve activity.' Increased blood pressure, heart rate, and sympathetic nerve activity coincide with termination of apnoeas and a reduction of arterial oxygen saturation (Sao2). Several features including arterial hypoxaemia,38-2 intrathoracic pressure changes,'3-'5 carbon dioxide retention and acidosis,'6 and disruption of sleep architecture'7'8 have been reported to cause these events. Amongst them, arterial hypoxaemia has been suggested to play a major part in increasing blood pressure during apnoeic episodes as systolic blood pressure is known to be correlated with arterial oxygen desaturation during sleep apnoea and blood pressure rises are blunted by oxygen administration. The response of blood pressure to intermittent hypoxia whilst awake was measured in a quiet room after fasting for two hours and at least eight hours after any coffee or tea. The subjects were placed in the supine position and wore a noseclip and breathed through a mouthpiece connected to an open circuit. The circuit contained a low dead space two way valve (Model 1900; Hans Rudolph, Kansas City, Missouri, USA) pierced to allow continuous sampling of inspired and expired gas. The inspiratory limb could be switched from room air to a large reservoir of premixed gas of low fractional oxygen concentration without alerting the subject. Two different concentrations of oxygen (7% and 5% in nitrogen) were used. A supplemental pressurised source of carbon dioxide was attached to the outflow of the reservoir bag to control its fractional concentration. The fractional concentrations of expired carbon dioxide and oxygen were monitored with a mass spectrometer (WSMR-1400; Westron, Chiba, Japan). Sao, was measured continuously at the right digital finger with a pulse oximeter. Arterial blood pressure was measured continuously and non-invasively using a blood pressure monitor (Finapres Model 2300; Ohmeda, Englewood, Colorado, USA). Recordings were made from a cuff positioned on the second phalanx of the middle finger of the left hand, which was kept at a similar hydrostatic level to the heart. To avoid the risk of falling asleep during the study an operator encouraged the subjects to keep their eyes open. All variables were recorded on a 12 channel thermal chart recorder (Recti-horiz-8k; NEC San-ei, Tokyo, Japan).
The protocol for examining the effects of intermittent hypoxia on blood pressure was as follows: (1) control periods of room air breathing for 10 minutes; (2) abrupt step decrease in fractional oxygen concentration of inspiratory gas; (3) low fractional oxygen concentration gas breathing until Sao2 reached less than 75% or for a period of 100 seconds, with a constant end tidal carbon dioxide equal to the levels when breathing room air; (4) abrupt step increase in fractional oxygen concentration of inspiratory gas to room air; (5) room air breathing for five breaths; (6) return to procedure (2). The procedures (2) to (5) were repeated five times for each run. During the test, subjects were not restricted in their breathing. Changes in blood pressure during hypoxia while awake were evaluated from the difference between blood pressure during control breathing and the peak value of blood pressure induced by each hypoxic gas exposure. Mean blood pressure, equivalent to one third systolic blood pressure plus two thirds diastolic blood pressure, was used for statistical analysis of results. The decrease in Sao, from the value of the control period to the nadir of Sao, (nSao2) in each hypoxic exposure was used as the Sao2 decrease during hypoxia whilst awake.
MEASUREMENT OF BLOOD PRESSURE DURING APNOEIC EPISODES WHILST ASLEEP
Overnight blood pressure was measured in the same way as the control polysomnographic examination, which included EEG, EOG, submental EMG airflow at nose and mouth, inductive plethysmography, and Sao2 in a dark, quiet room. This measurement was performed on a different day but within one week of those made whilst awake. Blood pressure was measured continuously and non-invasively using a Finapres monitor in the same way as described above. All parameters were recorded throughout the night. The values during the first period of stage 2 non-REM sleep and the first period of REM sleep were assessed for data analysis. The change in blood pressure was evaluated from the difference between the blood pressure just before sleep and the peak blood pressure value induced by each apnoeic episode. The Comparisons between the two groups were performed by paired t tests. Linear regression Figure 4 shows the AMBP at the nSao2 of 7% and 5% oxygen inhalation and the equivalent AMBP, calculated from the regression equation, at the same ASao2 during apnoeic episodes. The values of AMBP during hypoxia while awake of 12 6 (5 7) mmHg with 7% oxygen inhalation and 13-4 (3 6) mm Hg with 5% oxygen were significantly smaller than during apnoeic episodes (38-4 (15-5) mmHg with 7% oxygen and 45-2 (20 5) mmHg with 5% oxygen). Both AMBP values during hypoxia whilst awake were approximately one third of those during the apnoeic episodes. A previous report and this study have both shown a significant correlation of the ventilatory response and the pressure response to hypoxia,9 which suggests that ventilatory and pressure responses to hypoxia are at least partially modulated by a common mechanism. Experiments in animals suggest that chemoreceptor stimulation by hypoxaemia can raise blood pressure by increasing the total peripheral resistance and the inotropic response of the myocardium.2425 In humans Lugliani et al reported that blood pressure decreased significantly during hypoxia in patients with bilaterally resected carotid bodies, whereas it was maintained or increased in normal subjects. 26 Schroeder et al reported that blood pressure increases did not occur in two OSA patients with Shy-Drager autonomic dysfunction,3 suggesting that the hypoxia-induced rise in blood pressure is modulated by chemoreceptors and the autonomic nervous system. On the other hand, the local vascular effect of hypoxia is inhibitory and tends to reduce blood pressure by vasodilation.f However, because the hypoxic vascular effect is detected only in very severe hypoxia, the hypoxia produced in this study may have been insufficient to induce a local vascular effect.
The blood pressure response to intermittent hypoxia while awake suggests that non-hypoxic factors may play an important part in raising blood pressure during apnoeic episodes. In this regard, the improvement of desaturation may be insufficient to prevent hypertension-related complications in patients with OSA.
